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(Emperor-Big	Lost-Calabrian	Ridge)	until	 110	ka	 (Blake)	due	 to	palaeopedological-stratigraphical	 considerations.	The	Brunhes/
Matuyama-Boundary	(776	ka)	was	not	reached.
 Magnetische Exkursionen in der Mittel- bis Oberpleistozänen Löss-/Paläoboden-Sequenz Wels-Aschet
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1.1  Stratigraphic framework of the study area
The	Older	Deckenschotter/Günz	terraces	of	the	Traun-Enns-




posits	 and	 processes	 during	 the	Middle	 Pleistocene	 of	 the	
Eastern	Alps.	 In	 this	 study	we	 assume	 that	 the	 four	 clas-
sic	glacial	periods	are	to	be	assigned	to	the	Brunhes-Chron.	
Van	Husen	(2000)	assumes	that	Günz	is	to	be	correlated	with	
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To	date	only	 few	palaeomagnetic	 results	of	 loess/palae-














2  Palaeopedological setting of the Wels-Aschet   
 sequence
Older	studies	on	the	loam	pit	of	Pichler	brickyard	in	Wels-




Altogether,	 the	 loess/palaeosol	 sequence	 of	 the	 studied	
profile	reaches	a	thickness	of	12.5	m.	It	is	mostly	decalcified	
while	gravel	deposits	of	the	Older	Deckenschotter	show	high	












































nent	 magnetisation	 were	 measured	 at	 the	 Paleomagnetic	
Laboratory	 of	 the	 Montanuniversität	 Leoben	 as	 reference	
values	 for	 further	 investigations.	The	 remanence	measure-
ments	were	performed	with	a	2G-Cryogenic-magnetometer	
with	 integrated	 alternating	field	 demagnetisation,	 the	 sus-
ceptibility	 measurements	 on	 a	 Kappabridge	 Geofyzika	
KLY-2.
We	 first	 demagnetised	 the	 orientated	 samples	 with	 in-
creasingly	strong	alternating	magnetic	fields	(from	2	to	140	
mT),	 and	 subsequently	 thermally	 demagnetised	 selected	
samples	at	 temperatures	 ranging	 from	200°	 to	550°,	 the	re-
maining	NRM	being	measured	after	every	step	of	the	clean-
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To	determine	the	magnetic	carrier	minerals	in	the	sediments,	
we	performed	Curie	point	determinations	and	examined	the	
magnetic	 saturation	 behaviour.	 Depending	 on	 the	 deposit	






first	 exposed	 the	 samples	 to	 a	magnetic	 saturation	 at	 0,9T	
and	subsequently	demagnetised	them	in	an	alternating	field	






















least	 one	 additional	 low-coercive	 phase	 (magnetite)	which	
developed	during	soil	formation.	
The	measurements	of	the	anisotropy	of	the	magnetic	sus-








4.2  Characteristic magnetisation directions
The	stepwise	demagnetisation	in	an	alternating	field	was	per-
formed	in	6	to	15	stages	ranging	from	2	to	140mT	(Figure	1).	
Considering	 the	 mineral	 magnetic	 results,	 the	 lower	 field	









samples	 at	 temperatures	 ranging	 from	 200°C	 to	 550°C.	We	
generally	observed	two	magnetic	phases	which	in	most	cases	
however	yielded	the	same	remanence	direction	(Figure	1	a,c).












subjacent	 loess	 loam	 (AS	9)	were	already	demagnetised	at	
low	alternating	fields.	The	subsequent	thermal	cleaning	up	
to	550°C	yielded	further	demagnetisation	of	the	same	direc-
tional	 component	 (Figure	 1a).	 In	 the	 upper	 section	 of	 the	
1st	palaeosol	 (AS	10)	at	 the	transition	to	the	colluvial	 layer	


























4.3 Variation of magnetic parameters in the profile
Magnetic	 susceptibility,	NRM	 intensity,	 saturation	 intensi-
ty	 and	 the	 parameter	AF@IRM	 (Larrasoana	 et	 al.	 2003),	
which	is	used	as	an	indicator	for	haematite,	all	showed	sig-
nificant	variations	in	the	profile	(Figure	2).	The	continuous	
susceptibility	 profile	 recorded	 in	 situ	 during	 the	 sampling	
and	 the	measurements	 of	 the	 samples	 show	 a	 strong	 link	











to	 the	 other	magnetic	 parameters.	 In	 contrast,	we	 did	 not	









increased.	A	 susceptibility	 and	 SIRM-maximum	 at	 11.5	m	







In	 the	Btg	 horizon	 (AS	 5)	 between	 7.0	m	 and	 6.6	m,	 only	
individual	samples	show	increased	magnetic	susceptibility,	
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Figure 1: Vectorplots (horizontal und vertical  projection) and intensity 
decay during alternating field-(black) and thermal (red) cleaning. (a) 
WSB373 of AS 10, (b) WSB 263 of AS 7, (c) WSB83 of AS 4e, (d) WSB23 of 
AS 2, (e) WSB 3 of AS 2. Alternating field demagnetisation in 6 to 15 steps 
in the range between 2 and 140 mT, successive thermal demagnetisation at 
temperatures between 200°C and 550°C (a, c). In some sections of the profile 
strongly deviating remanence directions occurred (b,d), which indicate 
excursions of the global magnetic field.
Abb. 1: Vektordiagramme und Intensitätsverhalten ausgewählter Proben 
bei der Abmagnetisierung. Horizontale und vertikale  Projektion der Re-
manenzvektoren, sowie Intensitätsverlauf bei der Wechselfeld- (schwarz) 
und thermischen (rot) Reinigung. (a) WSB373 aus AS 10, (b) WSB 263 aus 
AS 7, (c) WSB83 aus AS 4e, (d) WSB23 aus AS 2, (e) WSB 3 aus AS 2. Ab-
magnetisierung im Wechselfeld in 6 bis 15 Schritten im Bereich zwischen 2 
und 140 mT, nachfolgende thermische Abmagnetisierung bei Temperaturen 
von  200°C bis 550°C (a, c). In einigen Bereichen des Profils traten stark 
abweichende Remanenzrichtungen auf die auf Exkursionen des Erdmag-
netfeldes hinweisen (b, d).
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of	finely	grained	magnetite.	Such	horizons	indicate	climate-
regulated	in	situ	soil	formation	during	relatively	warm	cli-
matic	 conditions.	 Investigations	 of	 loess	 profiles	 in	 China	
showed	 that	 palaeosol	 horizons	 are	 always	 characterised	
by	high	magnetic	 susceptibility	and	high	saturation	 inten-
sity	(Heller	&	Liu	1984,	Hunt	et	al.	1995).	Evans	&	Heller	
(1994)	 proved	 that	 the	magnetic	characteristics	 are	 due	 to	
magnetite	and	pyrrhotite,	which	were	created	by	pedogen-
esis.	For	attempting	a	chronostratigraphic	classification,	the	
magnetic	 susceptibility	 of	 profile	 sections	 is	 used	 as	 a	 cli-
mate	 indicator	 and	compared	 to	 the	oxygen	 isotope	 curve	
according	to	Lisiecki	&	Raymo	(2005).	For	the	chronostrati-
graphic	 classifications	 in	 the	 Aschet	 profile	 near	Wels	 we	
used	a	current	survey	of	internationally	recognised	observed	
excursions	 within	 the	 Brunhes-Chron	 (Laj	 &	 Channell	
2007,	Langereis	et	al.	1997,	Singer	et	al.	2008).	Geomagnetic	






Massif	Central	 (Laschamp,	 approx.	 40	 ka)	 (Bonhommet	&	











as	 well	 dated,	 globally	 observed	 excursions.	 According	 to	
Singer	et	al.	(2008),	all	excursions	which	have	been	dated	ra-
diometrically	via	the	Ar-dating	of	vulcanites	or	astrochrono-
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Figure 2: Variation of magnetic parameters in the profil Wels-Aschet. Magnetic suszeptibility (in 10-6 SI), intensity of saturation magnetisation (SIRM in 
A/m) and remaining remanence after successive alternating field demagnetisation (AFaIRM), VGP-Latitude calculated for the characteristic remanence 
component (ChRM). R, N: Inverse und Normal polarity. Geomagnetic Instabilty column for the profile Wels-Aschet (black: stable North direction, white: 
magnetic excursion).
Abb. 2: Magnetische Parameter der Proben aus dem Profil Wels-Aschet. Magnetische Suszeptibilität (in 10-6 SI), Sättigungsmagnetisierung (SIRM in A/m) 
und Rest-Remanenz nach anschließender Abmagnetisierung im Wechselfeld (AF@IRM), VGP-Breitengrad der charakteristischen Remanenzkomponente 
(ChRM). R, N: Inverse und Normale Pollage. Geomagnetische Zuordnung im Profil (schwarz: stabile Nordrichtung, weiß: magnetische Exkursion).


























In	 the	 loess	 loam	AS	 4a	 a	 palaeosol	 (AS	 5)	 developed,	
which	could	be	assigned	to	MIS11.	The	subsequent	sedimen-







sional	 discordance	 and	 a	change	 in	 grain	 size	 (Terhorst	
2007,	Terhorst	et	al.	2011).	
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Figure 3: Tentative correlation of magnetic parameters in the profile Wels-Aschet to chronostratigraphic reference scales. Oxygen isotopes after Lisiecki & 
Raymo (2005) and Geomagnetic Instability Time Scale (GITS; (a) and (b) after Langereis et al. (1997), (c) after Singer et al. (2008), (d) after Laj & Chan-
nel (2007). Excursions (reversals) named after localities: Albuquerque (A), Fram Strait (FS), Iceland Basin (IB), Pringle Falls (PF), Calabrian Ridge (CR), 
Emperor (E), Big Lost (BL). Palaeopedologic profile after Terhorst et. al. (2012).
Abb. 3: Vergleich der magnetischen Parameter im Profil Wels-Aschet mit chronostratigraphischen Referenzdaten: Sauerstoffisotopen nach Lisiecki & 
Raymo (2005) und Geomagnetic Instability Time Scale (GITS; (a) und (b) nach Langereis et al. (1997), (c) nach Singer et al. (2008), (d) nach Laj & Chan-
nel (2007). Bezeichnung der Exkursionen bzw. Umpolungen nach Fundorten: Albuquerque (A), Fram Strait (FS), Iceland Basin (IB), Pringle Falls (PF), 
Calabrian Ridge (CR), Emperor (E), Big Lost (BL). Paläopedologisches Profil aus Terhorst et. al. (2012).
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165–155	ka).	The	uppermost	 interglacial	 soil	 in	 the	Aschet	











The	 above-discussed	 stratigraphic	 findings	 are	 in	 con-
trast	 to	 the	 assumption	of	 Preusser	&	Fiebig	 (2009),	who	
discuss	much	younger	ages	on	the	base	of	luminescence	dat-
ing	(IRSL).	However,	in	this	study,	ages	>200	ka	do	not	sig-
















tocene	 periglacial	 and	 glacial	 sediments	 (see	 discussion	 in	










in	 southeastern	 Europe	 comprise	 the	most	 comprehensive	
terrestrial	records	of	the	Pleistocene	environmental	dynam-
ics	 (Fitzsimmons	 et	 al.	 2012).	Markovic	 et	 al.	 (2009)	 pro-
posed	a	stratigraphic	model	for	the	Middle	and	Late	Pleis-
tocene	based	on	magnetic	susceptibility	records	from	Loess	
sequences	 in	 the	Vojvodina	 region	 (Serbia)	 that	 revealed	a	















The	 correlation	 of	 magnetic	 parameters	 presented	 here	
(Figure	 3)	 is	 based	 on	 the	 interpretation	 of	 sedimentation	
and	 soil	 formation	phases	on	 the	basis	 of	 the	palaeopedo-
logic	 profile	 (Terhorst	 2007,	 Terhorst	 et	 al.	 2012).	 The	
magnetic	parameters	show	a	series	of	sections	with	intense	
magnetite	 formation	 in	 the	 soil,	which	can	be	 assigned	 to	
the	relatively	warm	climate	of	interglacial	periods.	In	some	
sections	 of	 the	 profile	 the	 trend	 of	 the	magnetic	 suscepti-
bility	shows	a	notable	consistence	with	the	oxygen	isotope	
curve.	Indications	of	short-term	magnetic	excursions	can	be	








loess	 complex	 (AS4e),	 depending	 on	which	 reference	 time	
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